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Community-acquired pneumonia during the first post-pandemic influenza season: A prospective, multicentre cohort study Diego Community-acquired pneumonia (CAP) is one of the world's major public health problems. The aetiology of CAP has been under constant study in different local settings. The most frequently documented causative pathogens of CAP are Streptococcus pneumoniae, Haemophilus influenzae and Legionella pneumophila.
1e3 Evidence of viral infection has been detected in 15%e56% of cases, mainly by influenza viruses, respiratory syncytial virus, parainfluenza viruses and adenovirus. 4 Notably, CAP was one of the most frequent complications of influenza A (H1N1)pdm09 infection during the pandemic period. In addition, it was associated with high morbidity and mortality. 5, 6 The reported incidence of pneumonia in hospitalised patients with influenza A (H1N1)pdm09 infection was 23%e66%, 7e9 with primary viral pneumonia being the main cause of admission to intensive care units. 10, 11 Similarly, bacterial co-infection was associated with worse prognosis. 7, 12 Knowledge of the predominant microbial patterns in CAP is the basis for initial decisions about its empirical antimicrobial treatment. 3 Importantly, influenza A (H1N1)pdm09 continues to circulate as a seasonal virus after the pandemic period. It is therefore crucial to determine the microbial patterns and outcomes in CAP in the post-pandemic influenza seasons. 13 In addition, although Bewick et al. 14 developed a scoring system for identifying patients with influenza A (H1N1)pdm09-related pneumonia, this has not been validated to date.
In this multicentre, prospective cohort study conducted in Spain, we aimed to determine the aetiology, clinical features and prognosis of hospitalised adults with CAP during the first post-pandemic influenza season (2010e2011). We also assessed the factors associated with severe disease and tested the reliability of a scoring system for identifying patients with influenza A (H1N1)pdm09-related pneumonia.
Patients and methods

Setting, patients and study design
This prospective cohort study was carried out at 10 tertiary hospitals in different areas of Spain. All adults admitted to hospital for at least 24 h with CAP from December 01, 2010 to March 31, 2011 were prospectively recruited and followed up. Cases were identified at the emergency department by attending physicians or investigators. The study was approved by the Ethics Committee of the coordinating centre, Hospital Universitari de Bellvitge, and informed consent was obtained from patients.
Clinical assessment and follow-up
Patients were seen during their hospital stay by one or more of the investigators at each participating hospital, who recorded clinical data in a standardized, computer-assisted protocol. Data were collected on demographic features, comorbidities, clinical features, biochemical analyses, chest X-ray findings, therapy, complications and inhospital mortality. To stratify patients according to risk, we used pneumonia severity index (PSI) and CURB-65. 15, 16 Completed protocols were carefully revised by two clinical investigators prior to the final validation.
Definitions
CAP was defined by the presence of a new infiltrate on chest X-rays, together with at least two symptoms of a lower respiratory tract infection (fever or hypothermia, new cough with or without sputum production, pleuritic chest pain, dyspnoea or altered breath sounds on auscultation) and no alternative diagnosis during follow-up. Viral CAP was diagnosed if a virus was detected by multiplex PCR, and the respiratory and blood bacterial cultures and urine antigen tests were negative. Bacterial CAP was diagnosed in patients with one or more positive cultures obtained from blood, normally sterile fluids or sputum and/ or a positive urinary antigen test, and with no viral pathogens detected. A mixed infection was defined as the presence of both respiratory virus and bacteria, as defined above.
Comorbidities were assessed by the Charlson Comorbidity Index. 17 Complications were defined as any untoward circumstances occurring during hospitalisation. Multilobar pneumonia was defined as chests X-ray infiltrate involving two or more lobes. The diagnosis of septic shock was based on systolic blood pressure of less than 90 mmHg and requirement of vasopressors after adequate volume reposition. Severe disease was defined as the composite outcome of intensive care unit admission or in-hospital mortality. Inhospital mortality was defined as death from any cause during hospitalisation.
Microbiological studies
Two specific one-step multiplex RT-PCR on nasopharyngeal swab or bronchoalveolar lavage were performed in each participating centre and were used for typing (A/B) and subtyping of the hemagglutinin (H1/novel H1/H3/H5) the influenza virus as described elsewhere. 5 The Real Time RT-PCR Protocol for Detection and Characterization of Influenza A (H1N1)v supplied by Centers for Disease Control (CDC, Atlanta, US) was used to confirm our positive results.
In addition, nasopharyngeal swab or bronchoalveolar lavage samples were used to obtain ADN and ARN using an extraction protocol with magnetic particles (Sample Preparation Systems RNA and DNA, Promega, Abbott, USA) at the coordinating centre. RT-PCR was used for the detection of influenza A and B, rhinovirus, respiratory syncytial virus A and B, parainfluenza virus types 1, 2, 3, and 4, coronavirus types OC43 and 229E, adenovirus and human metapneumovirus as described elsewhere. 18, 19 Gene amplification products were identified by electrophoresis in 3% agarose gels and afterwards ethidium bromide staining.
Bacterial pathogens in blood, normally sterile fluids, sputum and other samples were investigated by standard microbiological procedures within the first 48 h after admission. Sputum samples were considered of good quality if they had <10 squamous cells and >25 leukocytes per lowpower field. The finding of the S. pneumoniae antigen in urine was detected by a rapid immunochromatographic assay (NOW Assay; Binax Inc, Portland, Maine) or enzymelinked immunosorbent assay (ELISA-Bartels, Bartels, Trinity Biotech, Wicklow, Ireland). L. pneumophila serogroup 1 antigen in urine was detected by an immunochromatographic method (NOW Legionella Urinary Antigen Test; Binax Inc).
Statistical analysis
All proportions were calculated as percentages of the patients with available data. We compared patients with influenza A (H1N1)pdm09-related CAP and patients with bacterial CAP. To detect significant differences between groups, we used the chi-square test or Fisher exact test for categorical variables and the t test or ManneWhitney test for continuous variables, as appropriate. A multivariate logistic analysis, including significant variables in univariate analysis and clinically important variables, was performed to detect factors associated with severe disease. The relative risks were expressed as odds ratios (OR) and 95% CI. The possibility of multicollinearity among variables was measured by means of correlation coefficient matrix. A value of 0.75 or higher among variables were considered as multicollinearity. Calibration of the model was evaluated by the goodness-of-fit according to the HosmereLemeshow test. We also tested the ability of the Bewick et al. 14 scoring system for identifying patients with influenza A (H1N1)pdm09-related pneumonia by means of the area under Figure 1 Distribution of cases and causative agents a by week during the study period (2010e2011). a Most cases of communityacquired pneumonia caused by influenza A (H1N1)pdm09 (76.7%) and influenza B (62.5%) occurred during epidemiological weeks 1e6 and 6e9, respectively. According to data provided by the Spanish Influenza Surveillance System (http://vgripe.isciii.es/ gripe/inicio.do), the highest incidence of influenza cases during the first post-pandemic influenza season period were in weeks 2e3 (236 cases/100 000 inhabitants).
receiver operating characteristic curve (AUROC) and sensitivity, specificity and likelihood ratios (LR). The Bewick 5-point scoring system is a model based in five clinical criteria: age 65 years, mental orientation, temperature ! 38 C, leucocyte count 12 Â 10(9)/l and bilateral radiographic consolidation. Statistical significance was established at P < 0.05. All P values reported are 2-tailed. The results were analyzed using SPSS version 15.0 (SPSS Inc, Chicago, Illinois).
Results
All 747 adult patients admitted with CAP to the participating centres were included in the analysis. The distribution of cases during the study period is shown in Fig. 1 . Most patients were hospitalised between epidemiological weeks 2 and 5, 2011 (January 09 e February 05).
Aetiology, clinical features and outcomes of CAP Table 1 shows the distribution of causative organisms in hospitalised patients with CAP. An etiological diagnosis could be established in 315 (42.2%) patients. According to the etiological diagnosis, 154 (21.9%) were due to bacteria, 125 (16.7%) to viruses, and 36 (4.8%) to viruses and bacteria. The most frequently documented bacteria was S. pneumoniae. Among patients with viral pneumonia, the most common organism were influenza A (H1N1)pdm09.
Compared with patients who did not require ICU admission, patients who required ICU admission had more frequently influenza A (H1N1)pdm09 (47.9% vs 10.3%; P < .001), influenza B (4.3% vs 0.6%; P Z .001), and Streptococcus spp. (3% vs 0%; P Z .02). The frequency of bacteraemia was not different between these two groups (8.7% vs 11.8%; P Z .36). Likewise, the proportion of patients in whom microbiological tests were performed were similar in both groups (97.9% vs 99.2%; P Z .33).
The epidemiology, clinical features and laboratory findings of hospitalised patients with CAP are detailed in Table 2 . Their median age was 65 and over half were male. Patients with viral pneumonia were younger than patients with other aetiologies. Five hundred and fifty-three (74%) patients had comorbidities, mainly chronic pulmonary disease, chronic heart disease and diabetes mellitus. Patients with viral pneumonia had comorbid conditions less frequently than the remaining patients. The most frequent clinical features were cough, dyspnoea, pleuritic chest pain and arthralgia. In chest X-rays, unilobar alveolar infiltrates were the most frequent finding (59.7%). Empyema was documented in a low proportion of cases (1.6%).
The clinical outcomes of patients are given in Table 3 . Respiratory complications (need for mechanical ventilation, need for non-invasive mechanical ventilation, ARDS and/or empyema) were the most frequent ones documented during hospitalisation, followed by acute cardiac events and nosocomial infections. Ninety-four (12.6%) patients required ICU admission and 61 (8.2%) died. Patients with viral and mixed pneumonia required ICU admission more frequently and had higher in-hospital mortality. The main causes of mortality were respiratory failure/acute respiratory distress syndrome, multi-organ failure, septic shock and acute decompensated underlying disease.
Predictors of severe disease
Severe disease (ICU admission or in-hospital mortality) occurred in 124 (16.6%) patients. In the univariate analysis, factors associated with severe disease were age (<65 years), current smoker, alcohol abuse, influenza vaccine (2010e2011), impaired consciousness, septic shock, influenza A (H1N1)pdm09, influenza B, Streptococcus spp., hyponatremia, multilobar pneumonia, hypoxemia, tachypnea, high-risk PSI and CURB65 classes. Although comorbidities were not related with severe disease, chronic pulmonary disease was a protective condition and immunosuppression was a risk condition for this complication (data not shown). The results of multivariate logistic regression analysis for factors possibly associated with severe disease are shown in Table 4 . Multicollinearity among variables was not documented. Independent factors related with severe disease were impaired consciousness, septic shock, tachypnea, hyponatremia, hypoxemia, influenza B, and influenza A (H1N1)pdm09. The value of HosmereLemeshow test for the model was 0.86.
Because ICU admission was not standardised and therapeutic limitation orders were not recorded, a post hoc multivariate analysis was performed considering ICU admission and intubation as dependent variable. Factors independently associated with ICU admission and intubation were septic shock, influenza A (H1N1)pdm09, influenza B, hyponatremia, and hypoxemia. The value of HosmereLemeshow test for the model was 0.86.
Validation of a clinical model for identifying patients with influenza A (H1N1)pdm09-related pneumonia
The results of applying the scoring system described by Bewick et al.
14 are summarized in Table 5 . Twenty-one patients were excluded from this analysis because of missing data. The incidences of influenza A (H1N1)pdm09-related pneumonia ranged from 1.6% for patients with less than one clinical criterion to 27% for subjects with 4 or more clinical criteria. The AUROC of the model to predict influenza A (H1N1)pdm09-related pneumonia was 0.77 (95% CI, 0.71e0.82). Using the optimal cut-off point (highest Youden index) of >3, the model had 56.6% sensitivity (95% CI, 45.8e67.1) and 86.1% specificity (95% CI, 83.2e88.8) for predicting influenza A (H1N1)pdm09-related pneumonia (LRþ 4.1 and LR-0.5).
Discussion
This multicentre, prospective cohort with 747 consecutive hospitalised adults, the largest study to date, provides a comprehensive insight into the aetiology, clinical features and outcomes of CAP during the first post-pandemic influenza season (2010e2011). The main results were that: (a) the frequency of bacterial pneumonia and viral pneumonia was similar, (b) independent factors associated with severe disease (ICU admission or mortality) were altered mental state at presentation, septic shock, tachypnea, hyponatremia, multilobar infiltrates in chest X-ray and influenza A (H1N1)pdm09-related pneumonia, and (c) the scoring system evaluated did not distinguish reliably between influenza A (H1N1)pdm09-related pneumonia and other aetiologies of CAP.
In the present study, the percentage of patients with aetiologies (42.2%) and the main etiological agents causing bacterial CAP were comparable to those in several previous series.
1,2,20,21 S. pneumoniae was found to be the leading pathogen in bacterial CAP. We also found a relatively high percentage of Gram-negative bacilli (2.2%) and Staphylococcus aureus (1.5%) among the pathogens involved. However, it should be noted that 13.3% of our cases were immunosuppressed. Mixed infections were relatively frequent (most commonly involving S. pneumoniae together with a respiratory virus). Moreover, we also documented a high percentage of viral CAP, which may be mainly attributable to the high number of influenza A (H1N1)pdm09-related pneumonia cases. In this regard, according to surveillance reports, influenza A (H1N1) pdm09 was the predominant virus causing illness in Europe and the Middle East during the 2010e2011 winter season. 22, 23 In Spain, there were 4747 detections of influenza viruses during the 2010e11 winter season. Of the total virus detections, 71.9% were influenza A viruses, mainly influenza A (H1N1)pdm09 (97%), 27.8% influenza B and 0.3% influenza C. 24 Our study identified factors associated with severe disease in hospitalised patients with CAP during the first post-pandemic influenza season. These factors are markers of more severe pneumonia at hospital admission (impaired consciousness, septic shock, tachypnea, hyponatremia, and hypoxemia) and have been described as prognostic factors in previous CAP studies. 3 Interestingly, we also documented that influenza A (H1N1)pdm09-related pneumonia was independently associated with higher risk of severe disease. Compared with other aetiologies, influenza A (H1N1) pdm09-related pneumonia had a three times greater risk of ICU admission and in-hospital mortality. This explains the higher morbidity and mortality found in patients with viral pneumonia in the present study. Recently, it was documented in England, Greece, Spain and Taiwan 22, 23, 25, 26 that, in December 2010 and January 2011, there was a sharp rise in influenza-related hospitalisations, ICU admissions and fatalities than in the 2009-2010 season. Increasing age and certain comorbidities, as well as a delay in the administration of antiviral treatment, have been reported as causes of higher morbidity and mortality from influenza A (H1N1)pdm09 infection during this period. 26, 27 Moreover, as recently reported by Gutiérrez-Pizarraya et al., 28 we also documented an unexpected severity of cases of influenza B infection in patients that required hospitalisation during the first post-pandemic influenza season. Interestingly, we did not find comorbidities as independent risk factor for severe disease. However, it is extensively known that influenza A (H1N1)pdm09 affected mainly younger patients without comorbid conditions. 5, 29 In addition, we documented that the frequency of comorbid conditions was higher in patients with bacterial CAP.
A previous study reported that there is a clinical profile that increases the likelihood of the diagnosis of influenza A (H1N1)pdm09-related pneumonia rather than interpandemic CAP.
14 In the present study, patients with influenza A (H1N1)pdm09-related pneumonia were significantly younger and were less likely to have comorbid conditions. Similarly, patients with influenza A (H1N1)pdm09-related pneumonia presented more frequently with rhinorrhoea, sore throat, arthralgia and headache, but less commonly tachycardia and pleuritic chest pain. Laboratory findings showed that these patients also had high alanine aminotransferase more often, but leucocytosis less frequently. Alveolar unilobar infiltrates in chest X-rays were found more commonly in patients with bacterial pneumonia (data not shown).
The accuracy of the scoring system described by Bewick et al. 14 for identifying influenza A (H1N1)pdm09-related pneumonia was moderate in the present external validation, as the statistical analysis demonstrates (AUROC 0.77). However, it should be noted that the model was less useful for identifying patients with influenza A (H1N1) pdm09-related pneumonia and bacterial co-infection b S. pneumoniae was identified by means of sputum culture (26 cases), blood culture (23), BAL (3), and PUAT (96); Haemophilus influenzae by sputum culture (15), blood culture (2), and BAL (1); Staphylococcus aureus by sputum culture (8) , blood culture (6), and BAL (3); Pseudomonas aeruginosa sputum culture (13), blood culture (2), and BAL (1); and Legionella pneumophila by urinary antigen test (6) .
c Six cases were methicillin-resistant S. aureus.
(AUROC 0.70). In addition, sensitivity and (to a lesser extent) specificity were low in diagnosis of influenza A (H1N1)pdm09-related pneumonia in this clinical context. Thus, a course of antiviral therapy guided solely by the application of the model would have left 2.5% (including those with bacterial co-infection) of the patients with influenza A (H1N1)pdm09-related pneumonia without specific coverage (score of 0 or 1), and would have led to administration of an unnecessary antiviral regimen to 58.2% of patients classified with scores of 4 or 5. In addition, the model was unable to distinguish between influenza A (H1N1)pdm09-related pneumonia and other aetiologies in most cases, because 41% of influenza A (H1N1)pdm09-related pneumonia cases and 51.6% of cases with other aetiologies fell into the values of 3 and 4. Thus, rather than identifying patients who benefit from treatment, the most useful finding of the scoring system proposed by Bewick et al. 14 is that antiviral treatment might be avoided in some patients with a score of 0 or 1.
The strengths of the present study are its prospective and multicentre design, the large number of consecutive hospitalised patients with CAP included across Spain and its comprehensive collection of clinical data. Thus, this cohort is representative of patients hospitalised with a pneumonic illness during the first post-pandemic period. In addition, to the best of our knowledge, no prior study has evaluated microbial patterns and outcomes in CAP during this period. Moreover, nearly 90% of patients underwent viral PCR and 95% underwent one or more bacterial identification tests. However, our study has several limitations that should be acknowledged. Firstly, we did not compare our cohort of patients with those of other epidemiological periods to explore for differences in outcomes. Secondly, PCR testing was mainly performed on samples obtained via a nasopharyngeal swab. Evidence suggests that the yield of positive PCR results from nasopharyngeal swabs in patients with confirmed positive lower respiratory tract samples is nearly 80%. However, sampling was repeated when clinical suspicion was high in some cases in the present study. Thirdly, as serologic methods were not used to determine antibodies a If chronic pulmonary disease, diabetes mellitus and immunosuppression were included in the model, none of these comorbidities were significantly associated with severe disease. However, chronic heart disease was independently related with higher risk of severe disease (OR 2.41 95% CI 1.11e5.28; P Z .02). against atypical agents, these microorganisms are underrepresented. Lastly, hospital and ICU admission criteria were not standardized. However, to detect factors associated with severe disease, we performed a multivariate analysis to control for confounding factors. In addition, a post hoc analysis was performed considering ICU admission and intubation as dependent variable. Notably, the usefulness of biomarkers to predict prognosis was not evaluated in the present study.
In conclusion, the frequency of bacterial pneumonia and viral pneumonia in hospitalised adults during the first postpandemic influenza season was similar. The main virus isolated was influenza A (H1N1)pdm09, which was independently associated with severe disease. Although certain clinical features on first examination of the patient may allow recognition of influenza A (H1N1)pdm09-related pneumonia, it is difficult to express them in a reliable scoring system.
